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TheMercuryDual ImagingSystem(MDIS) is partof the
sciencepayloadto beflown on theNASA Discovery mission
MESSENGER[1]. MDIS is comprisedof wide- andnarrow-
anglecamerassensitive to visible wavelengths.TheMEcury
Surface, SpaceENvironment, GEochemistry, and Ranging
(MESSENGER)spacecraftwill be launchedin the springof
2004aboarda Delta 2925H-9.5rocket. MESSENGERwill
arrive at Mercury in thespringof 2009to begin its year-long
missionto studytheplanet. Prior to Mercuryorbit insertion,
the two Mercury flybys will provide imaging opportunities
in addition to thoseduring the missionorbital phase. Mis-
siongoalsareto produceaglobalmonochromemapat250-m
averageresolutionor betteranda color mapat 2-km average
resolutionor better. Thesuccessof MESSENGERis strongly
tied to developingacapableandrobustspacecraftandscience
payloadwith minimal mass[2].

Mercury’s eccentricorbit posesa challengeto thedesign
of thespacecraft,with theintensityof thesolarradiationvary-
ing from about4.6–10.6timesthe total irradiancefalling on
theEarth.Becauseof this severethermalenvironment,a sun-
shadeprotectsthe spacecraftfrom direct solar illumination,
but stronglyconstrainsits rangeof pointing. To compensate
for this limited pointingcapability, thedualcamerasof MDIS
aremountedoneithersideof arotatingplatform,pivotedabout
a commonaxisasshown in Fig. 1. The two cameraswill be

Figure1: Artistic renderingof MDIS.

co-alignedto within the pointing accuracy of the spacecraft
of 0.1

�
. The pivot platform designenablesthe instrument

to acquireoptical navigation (OpNav) imagesandstar field
calibrations,andgreatlyincreasesopportunitiesto imagekey

featureswith minimal impact on spacecraftpointing. The
nominal scanrangeof the platform is � 40

�
in the sunward

directionto
�

50
�

planetward.

Thewide-anglecamera(WAC) hasa 10.5
�

field-of-view
(FOV) andconsistsof a refractive telescopeusinga dogmar-
likedesignhaving acollectingareaof 48mm

�
. A 12-position

multispectralfilter wheelprovidescolorimagingoverthespec-
tral responseof theCCDdetector(395–1040nm). Tenspectral
filters aredefinedto cover wavelengthsdiagnosticof different
surfacecompositionsandhavebandwidthsfrom 10–40nm. A
medium-bandfilter providesfastexposuresfor highresolution
imaging,andthelastfilter is panchromaticfor OpNavs. In or-
derto achieve diffractionlimited imagequality, residualchro-
maticaberrationis removedbyvaryingtheopticalthicknessof
eachfilter, optimizedfor thecenterwavelengthof thefilter’s
passband,aswasdonefor the the Multi-SpectralImageron
theNEAR Shoemaker spacecraft[3]. Thenarrow-anglecam-
era(NAC) hasa 1.5

�
FOV andusesa reflective designwith

a singlemedium-bandfilter with a passbandidentical to the
oneusedin theWAC (650–850nm). Bothcamerashave iden-
tical detectorelectronicscontainedin a modularfocal plane
unit (FPU).Dueto thermalconstraints,only onecamerawill
operateat a time.

Protectivecoversfor opticalcomponentsareverydesirable
duringground-basedtesting,launch,andtrajectorymaneuvers
requiringlargethrusterburns.However, dueto theseveremass
limitationsonMESSENGER,a conventionalprotective cover
for MDIS wasnot practical. Instead,thecritical first optic of
eachtelescopecanbeprotectedby rotatingtheplatform180

�
from nadir, suchthat both cameraslook downward into the
deck. This innovative approachensuresa circuitouspathfor
any particulateor molecularcontamination.Small incandes-
centbulbsaremountedin thebaseof thebracket to facilitate
testingof theinstrumentin its stowedconfiguration.

The baseof the pivot assemblyis madeof an advanced
compositematerial (graphite/cyanateester fabric pre-preg).
Thiswaschosento matchthematerialof theinstrumentdeck,
thuseliminatingmechanicalstressesdueto differencesin dif-
ferential coefficients of expansion. The compositebracket
assemblyis thermally isolatedfrom the spacecraftand the
pivot platform. A rotary actuatoris locatedon one side of
the bracket, containinga steppermotor, resolver, and har-
monicdrive assembly. Thesteppermotorcontainsredundant
windingssothatthetwo fully redundantdataprocessingunits
(DPUs) can independentlycontrol the motion of the pivot,
enhancingtheoverall reliability of thepivot mechanism.

TheMDIS harmonicdrive hasa 100:1gear-reductionre-
sultingin anoutputstepresolutionof 0.075

�
. Harmonicdrive

gearreducersprovide very precisepointing andhigh torque
ratiosat lower massthancomparableconventionalgearsys-
tems. Thesedevicesusea radial motion to engagethe teeth
of a flexspineand a circular toothedspline, ratherthan the
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rotatingmotionof othergearsystems.Thismotionallows for
veryhighgearratiosandnearzero-backlashperformance.The
baselineplanto move thepivot mechanismis to countpulses
sentto the steppermotor. A low resolutionresolver ensures
nostepsaremissedduringmotion. Calibrationof eachoutput
stepof thepivot mechanismprior to launch,will provide ab-
solutepointingknowledgeof thepivot positionto �����	��
 rad,
essentialfor elevationdeterminationfrom stereoimaging.

Thebracketoppositethepivot actuatorsupportsabearing
mountanda flexible diaphragm.A rotaryfeedthroughpasses
througha hollow shaftandprovidesall power, clockingcon-
trol, anddatato thetwo FPUs,thefilter wheelandits position
sensor, andthe heatersandtemperaturesensorson the pivot
platform. Connectionsto theplatformfrom thetwo redundant
DPUspassthroughan interfaceadapterbox, mountedto the
bracket and just below the rotary feedthrough. The adapter
box switchesbetweentheDPUsin a master/slave configura-
tion andconvertsthelow-voltagedifferentialsignalsfrom the
DPUto single-endedsignals.Thisapproachlimits thenumber
of circuits neededto passthroughthe rotary interface. The�

1 W dissipatedin the adapterbox getsconductedinto the
spacecraftdeckthrougha thermalstrap.

The two FPUs with their CCD detectorsare passively
cooled. Becausethe instrumentpayloadis protectedfrom
directsolarillumination by thespacecraftsunshade,the ther-
mal environment of the instrumentsis largely benign with
theexceptionof shortintervalsduringthe12-hourorbital pe-
riod. The thermal designtakes advantageof the eccentric
orbit of MESSENGERaroundMercuryby radiatively cooling
the pivot platform during most of an orbital period using a
0.022m

�
radiator. Nearperiapsis,the thermalflux radiated

from theplanetwill beabsorbedby thisradiatorandtheinstru-
mentis designedsuchthatthelatentheatof thepivot platform
doesnot allow the temperatureof the camerasto rise above
themaximumoperatingtemperatureof � 10

�
C.Duringthere-

mainderof theorbit, theradiatorcoolsthepivot platformand
thermostaticallycontrolledheaterslimit theminimumoperat-
ing temperatureto � 40

�
C. Therearetwo redundantsurvival

heaterscoupledto thepivot platform,with thesetpointfor one
configuredto switch-onat theMDIS low operatingtempera-
ture,effectively makingit anoperationalheater. Eachimage
will includefour columnsof darkreferenceelementsin order
to correctfor variationsin operatingtemperature.

In orderto minimizemass,defocusing,andmisalignment
effectsresultingfrom operatingoverawiderangeof tempera-
tures,thepivot platformandmostof thecomponentsaremade
of magnesium.Thetwoshaftssupportingtherotatingplatform
aremadeof titanium, selectedfor its relatively poor thermal
conductivity. Theinstrumentdeckandthebracketwill remain
near room temperature. The entire instrumentand bracket
assemblyarecoveredwith multilayerinsulatingblankets.

Thedesignof thedetectorelectronicsisbasedontheCON-
TOUR/CRISPinstrument,andis identicalfor both thewide-
andnarrow-anglecameras.Becauseof themassconstrainton
MESSENGER,theFPUelectronicshave beenfurtherminia-
turized. The highly capacitive CCD is driven by customde-
signedhybridcircuitswhichsignificantlyincreasethecompo-
nentdensityin theFPU.A field-programmablegatearrayin

eachFPUprovidesthenecessaryclockingandcontrolfor each
camera.Thedetectoris anAtmel TH7888ACCD arraywith
1024
 1024pixelswith built-in antibloomingcontrol. Thefill
factorfor the14 
 14 
 m pixelsis 71%. Themaximumframe
rateis 1 Hz with a frametransfertimeof 3 ms.

Optical navigation usingMDIS is critical to the success
of theMESSENGERmission. To increasethelow-light sen-
sitivity, themaximumexposureis approximately9.9s with a
readouttimeof � 1 s. Typicalexposureswill be � 100ms. An
autoexposurealgorithmsimilar to thatusedonNEAR [3] will
alsobeusedregularly.

Althoughthepeakof thequantumefficiency of theCCD
is only about18%,theexpectedsignalsat Mercuryarelarge.
Wehaveassumedareflectancespectrumfor Mercuryto bethe
sameasa laboratoryspectrumof theApollo 16 lunarsample
62231[4]. TelemetrylimitationsconstrainMDIS ratherthan
signal strength. The FPU electronicsperform a correlated
doublesampleof eachpixel thendigitizeit to 12-bitsresulting
in a 12 Mb full image. At the expectedacquisitionratesof
� 100images/day, thetwo 8 Gbsolid-staterecorders(SSR)on
boardwould befilled in lessthantwo weeks.MESSENGER
is not equippedwith a high gain antenna,and so downlink
opportunitiesarelessfrequent.To reducetheimagedownlink,
yet minimize the effect on the sciencereturn, a numberof
imagingandcompressionmodesareutilized.

On-chippixelbinningof 2 
 2and4 
 4areavailablewithin
the FPU.To simplify the interfacebetweenthe FPU andthe
DPU, the binnedandnon-binnedimagesappearidentical in
size by padding invalid pixels in the binned imageswith
dummy values. A valid pixel gateis passedto the DPU to
indicatewhena pixel shouldbe saved from within the serial
datastream. Oncethe dataaretransferredto the DPU, they
canbe streameddirectly to the SSR,or compressedin hard-
wareusinga varietyof 12-to-8bit lookuptables,differencing
of adjacentpixels,and/ortheFAST algorithm.Thesedataare
thensentto theSSRover a high speedlink. Thespacecraft’s
mainprocessor(MP) canreadboththehardware-compressed
imagesas well as the raw imagesfrom the SSR.The MP
canthenperformadditionalbinning,extractimagesubframes,
andusemuchmoresophisticatedcompressionalgorithmsto
substantiallyreducethetotaldownlink.
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